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(57) It has been found that certain glycoproteins, 
particularly mucins, are inhibitors of nucleic acid ampli- 
fication reactions and that inhibition of the amplification 
reaction is associated with partial degradation of the 
carbohydrate chain. Partial degradation of the carbohy- 
drate of a non-inhibitory glycoprotein renders it inhibi- 
tory, and partial degradation of the carbohydrate of a 
slightly inhibitory glycoprotein makes it more inhibitory. 
Sample processing prior to amplification may contribute 
to partial degradation of the carbohydrate chains of the 
glycoproteins which are present and increase their inh- 
hibitory effect. In contrast, complete removal of the car- 
bohydrate significantly reduces or completely 
eliminates the inhibitory effect. Methods for reducing or 
eliminating glycoprotein-associated inhibition of nucleic 
acid amplification reactions are also disclosed. 
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FIELD OF THE INVENTION 

The present invention relates to materials and methods fnr r*r*, ,• ■ - 

fication in biological samples. methods for reducing or eliminating inhibition of nucleic acid ampli- 

BACKG ROUND OF THE INVENTION 

tious and genetic diseases, isolation of genes for an JyS S^ST*, ?° P ^ ^ ear,y dia 9 nosis of '"fee- 
Nucleic acid amplification techniques can hTgZS^o^to^^ ^ "* ""^ 3ddS h forensic 
polymerase chain reaction (PGR), ligase c^SStoSSm ^^""^^^^^P^^^ The 
cycling of the reaction between h/gh (85«C HlSwKS 2^?! ^ amp,i,ication require repeated 

target molecules for amplification. In contrast TmSSds^ch aJ St™ ?n ?T ratures to generate single stranded 
tained sequence replication (3SR) and the QB Se 2» a S D,S P ace ™r« Amplification (SDA), self-sus- 
constant temperature. Conventional SDA (peSeS^ T*?" ^ Can be performed at a 

T. Walker, et al. (1992a. Proc. Natl. AcadsTusT 8 9 3T2 3 SS m" 3 '* ab ° Ut S^ 5 ^ is describ ed by G. 
20 mophilic version of the SDA reaction ftSD* ^described bellfhTc « ^ **■ 20 " 1691 -''696). A ther- 
higher. but still constant, temperature ^ng£SZ^^! reC6nt,y been Sloped, and is performed at a 
SDA isperformed essentially a'sconvenSsD^ 

restnetion endonuclease. The temperature of the reactfonfeaS^ i Jf her ™ b ' 3 polymeras e an °" a thermostable 
thermophilic enzymes and the convention^ S 

m appropriate restriction endonuclease recSS^ site is by the 

Nucleic acid amplification reactions are very wSLQ I nd 6 « * ermostable endonuclease. 
sequence to be amplified is in a compatible bXr andl ^^f ? 9 V , " c,ean " systems ™e target 
ting, however, the target sequence is^enera^ J .^SSS^T^. - * m °' eCU,eS - 3 M ~ 
acid molecules (e.g.. proteins. caroohWat J 1^^^ 

so been inconsistent and variable. presumab^ Soausi'th^ Ll S^r l TV *" bi ° ,09iCal sam P ,es nas 

or totally with the amplification reaction ThiSs J Tfa.S n l^ 9 T eCU ' eS Wh ' Ch are present inlerfer e Partially 
amount of target sequence present I^.S^EJEEJ^ 7" " J"?"* * aCCUrate,y quantify *° 
where amplification is inhibited. These problems may SI S 2* PP ^ t0 be 3 WS3k P ° Sitive in a sam P'e 
patient based on the results of a test bas'ed cn^^J^S^ *« M * treat a 

non-specific and have been directed to the gener^ 

no. extraction of the biological samp.e has ^^^^1^ For ^ 
ylated surfaces have been used to bind proteins for^ratton Trl^ f ^T" 9 hydr ° phobic P roteins - Hydrox- 

40 tononspecificallydegradeprote^ 

sample prior to amp.it ication. However, this ^^Sroach a.2 d,K th '? ^IT™ effect of inhibitore b * luting the 
sensitivity of the assay. An alternative approS has been^to %££l£Tt ^ and thereby reduces » a 

e*. by binding to silica. White isolation ofthtnudefc aSs m^J^^T"? t^S™ ™-™**> molecules 
the process is time-consuming and recovery ^Hhe terqeffs oeL^C S " CCess ' u,,y e,,miflate inb ' b itors of amplification. 

45 compromised. The success of such gener al m e hods has LeTS.rTT ,tat ' V ! S ° 1,16 S6nsitivity of the assa V * 

ing method for analysis of MTcobacterfei,^ s^X fZZ^l^^ At ^^ used ^mple proceTs- 
uses NaOH, sodium citrate and N-acety. ^cystS NALC) to Zt'S^T^T melhod This method 

centiifugation. The pellet is then resuspendJd in recovery of the mycobacteria by 

methods have been developed in which sodium hydroSlTu^ ^n! k U ' tUre ° r ° ther dia 9 nostl "c tests. Similar 
pension and analysis. NaOH has also been uT^s^un^ ^teur^f .Sf^f ^ ° f th6 Pe " 6t pri0r t0 resus - 
w,th neutralization of the pellet by addition of acW prior l!S?SSSl£^ P l° CeSS SpUtUm Samples ' a 9 ain 
are found in the pellet after the centrifugation steo alonn wHh th! m k 9> " m0St Cases ' am P»«cation inhibitors 
significant number of samp.es may a.» beTnSry ^« be The SUpernata "t of a 

nucleic acid amp.ification as the resu.ts are incon^enTSe and SK^TnSST * ^ " 
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It has now been discovered that certain glycoproteins, and mucins in particular, are significant inhibitors of nucleic 
acid amplification Glycoproteins are proteins which contain covalently linked carbohydrate moieties. They are particu- 
larly prevalent in mammalian tissues. The carbohydrate chains of glycoproteins are mainly comprised of seven sugars; 
D-galactose, N-acetyl-D-galactosamine (GalNAc), D-glucose, N-acetyl-D-glucosamine, D-mannose, L-fucose, and 

5 sialic acid (N-acetylneuraminic acid, NGNA). The mucins are a type of glycoprotein with a complex carbohydrate struc- 
ture containing disaccharide groups of N-acetylneuraminyl-(2^6)-N-acetylgalactosamine. Mucopolysaccharides 
(polysaccharides comprised of amino sugars or their derivatives) are also often found covalently bound to protein. 
Although the amino sugars of many mucopolysaccharides are the same as those found in glycoproteins, they are gen- 
erally considered as a separate group of molecules because mucopolysaccharide-protein structures are much richer in 

w carbohydrate than most glycoproteins. In the case of sputum samples, which often contain high concentrations of 
mucins, conventional sample processing methods such as liquif ication appear to increase the inhibitory effect of glyco- 
proteins. The discovery of these mechanisms of amplification inhibition has led to the development of methods targeting 
glycoproteins to reduce their inhibitory effect. 

15 SUMMARY OF THE INVENTION 

It has been found that certain glycoproteins, particularly mucins, are inhibitors of nucleic acid amplification reac- 
tions. Certain mucopolysaccharides (glycosaminoglycans) which comprise the types of amino sugars found in inhibi- 
tory glycoproteins are also inhibitory. It has further been found that inhibition of the amplification reaction is associated 

20 with partial degradation of the carbohydrate chain. That is, partial degradation of the carbohydrate of a non-inhibitory 
glycoprotein renders it inhibitory, and partial degradation of the carbohydrate of a slightly inhibitory glycoprotein makes 
it more inhibitory. Sample processing prior to amplification may cause a non-inhibitory specimen to become inhibitory 
due to partial degradation of the carbohydrate chains, of the glycoproteins which are present. In contrast, complete 
removal of the carbohydrate reduces or eliminates the inhibitory effect. Similarly, when the carbohydrate chains are 

25 intact as in the wild type glycoprotein structure, the molecules are generally not inhibitory. There exceptions among the 
wild type glycoproteins, however. Lectin, for example, is inhibitory to amplification even with the intact wild type carbo- 
hydrate structure. The inhibition of amplification associated with the partially degraded carbohydrate chains may be 
reduced or eliminated by 1) removal or dilution of the glycoprotein or mucopolysaccharide. 2) complete degradation of 
the carbohydrate chain (e.g., enzymatically), or 3) sample processing methods which maintain the wild type structure 

30 of the carbohydrate chain in samples which are not initially inhibitory. 

DETAILED DESCRIPTION OF THE INVENTION 

The effect of glycosaminoglycans and glycoproteins on the efficiency of nucleic acid amplification was studied in 

35 an attempt to determine the source of inhibition in unamplif iable sputum samples. A variety of glycosaminoglycans and 
glycoproteins (including mucins) were tested in conventional low temperature SDA model systems as described by 
Walker, et at., supra, for their effect on amplification. These compounds were tested at 5 ug/jjL and 0.5 ug/uL in dupli- 
cate SDA reactions and detected in a chemiluminescent assay as described by C. A. Spargo, et at. (1993. Molec. Cell. 
Probes 7, 395-404). Bovine submaxillary mucin (BSM) Type l-S was the most inhibitory in conventional SDA, com- 

40 pletely preventing amplification at 0.5 |ig/|iL. The second most inhibitory compound was bovine mucin Type II. 
Asialoglycophorin from human blood and bovine submaxillary mucin (BSM) Type I were moderately inhibitory, allowing 
amplification at low levels compared to positive controls. Asialomucins from bovine submaxillary gland and glycoprotein 
c^-acid from Cohn Fraction VI had little or no negative effect on amplification as evidenced by amplification at levels 
similar to positive controls. BSM Type II completely inhibited SDA at 5 \xq/\lL and reduced amplification about 75% at 

45 0.5 ug/uL. Lectin (a plant glycoprotein) was also found to be inhibitory to conventional SDA at 5 ug/uL, 4 ug/uL, 3 ug/uL 
and 2 |ig/uL. At 1 ug/uL amplification began to be detectable in the presence of lectin. Of the glycosaminoglycans, only 
heparin inhibited conventional SDA, and this inhibition was overcome by treatment with heparinase. The other gly- 
cosaminoglycans tested (chitin, chondroitin sulfate B, keratin, hyaluronic acid, chondroitin sulfate A and chondroitin sul- 
fate C) had no significant inhibitory effect It appeared from this experiment that, in general, mucins are more inhibitory 

so than human blood glycoproteins when spiked into conventional SDA reactions. A concentration effect was also demon- 
strated, as the inhibitory effect of some mucins and lectin was reduced upon dilution. 

Thermophilic SDA was generally more sensitive to inhibition by the compounds tested than was conventional SDA, 
possibly due to increased inhibitory interactions or increased solubility of the inhibitory compounds at the higher tem- 
perature of thermophilic SDA. Wild type bovine submaxillary mucins completely prevented thermophilic SDA as they did 

55 conventional SDA, but asialo BSM which had little effect on conventional SDA reduced thermophilic SDA by about 76%. 
Similarly the asialo and wild type human blood glycoproteins which had a minimal inhibitory effect on conventional SDA 
reduced thermophilic SDA by about 66%. Of the glycosaminoglycans, chitin, heparin and chlondroitin sulfate B inhibited 
thermophilic SDA. As in conventional SDA, the other glycosaminoglycans tested (keratin, hyaluronic acid, chondroitin 
sulfate A and chondroitin sulfate C) were not inhibitory. 
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inhib^^ *** h be re.ated to the degree of amplification 
less inhibitory glycoproteins (e g" ^^SS^S^ ST! C ° ntSnt tha " the 

Porcine submaxillary mucin A" (PSM A w^^Sic^wid^esenrt ^ i doh^ U * 90% of the sialic acid removed, 
were therefore tested at four different coZ^LTcoZm^T^T^ enzymatical * 
tent of the glycoprotein. Aliquots of stock SSS^J^TSS^ l JT^J? ^ ° f 4,16 SialiC 3Cid COn " 
PSM (5.0 ng//iL) were added to 50 M L oonJ^^££^Jl^^ PSM < 4 ' 1 a "d Asialo 

reduced amplification by about 75% w£2! * PSM^ S ,? ? T 681 concentra « 0 "s tested, asialo PSM 
ofsiaKcacid^^^ 

tion of the associated cartohydrate ch2i iS IStS^ were P re P ared fram PSM by selective enzymatic degrada- 
treatmentusedtoproduce^o plM SSS^rSSSr*^ a r h ° Wn h ,he f °" 0win9 table " The «yme 
molecules. About 1 % had a^SSS2SS5 from 99% of » a glycoprotein 
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MUCIN 

A + PSM (4.1 ng/jjL) 
A' PSM (4.1 M g/ M L) 
Asialo PSM (5.0 ng/nL) 
Afuco PSM (1.0 jjg/^L) 
Apo PSM (2.08 jig/jiL) 

BSM (5.0 ng/jxL) 



CHO STRUCTURE 
intact CHO, most complex 
terminal GalNAc removed with hexosaminidase 
sialic acid (NGNA) removed with neuraminidase 
fucose removed with 1,2 a-f ucosidase 

aH CHO removed with o-glycanase, neuraminidase, hexosaminidase and 1 ,2 a-fucosi- 
intact CHO, most complex 



centa^aS 

type mucins) were not inhibitory in this £Z£Z X££ Sm 1h « ( ^ "?* ""^ A+ PSM and BSM < wi,d 
in this experiment was purchased from a commercial source SHiSS S ****** The BSM 

inhibitory BSM tested previously was producSJ^iS^^ n ^^ ^^"y- * L ° UiS ' MO >' whereas the 
result in BSM's with different carbohydVstr^ 

Apo PSM was also not inhibitory to amplification A" PSM Aft?™ pqm ! a '"hibrtory properties of this glycoprotein, 
having the greatest effect. Afuco PSM s^Tso J^m^n^Zt^ 0 PSM * inhibit ° r * with * PSM 
least inhibitory. The results are shown below * * b °* h COnCGntra,ions ' a "d Asialo PSM was the 
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MUCIN 


1 RLU(20nL) 


RLU (10 


A PSM 
Afuco PSM 
Asialo PSM 


182.4 

2,119.0 

2,728.0 


10,509.0 

4,257.0 

6,109 
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of^ca^^ 

intact (wild type) carbohydrate structure H c^S 

effect in the conventional SDA reaction HwSSTS £S2£L?2 ~? *° ° VerCOme * e inhibitor y 

from the glycoprotein is not believed to b ?SZ to ^ZEE?Z££R Tl ° f a " 
glycosidases or other cart)ohydrate^leavino ^vLclK ,! V at ' C treatment used ir > this experiment. Other 
free would also be expected toSSSS Sory 5£ ^ ^ th6 9 * COpr0tein essen,ial * carbohydrate- 

-d~^ 

.ucinsareoftenfound.rnaybeparticular.ysensitivetoS 
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with NALC and proteinase K prior to most diagnostic testing, we evaluated the effect of these treatments on the inhibi- 
tory properties of mucins. BSM Type l-S and BSM Type II in varying amounts were incubated with an equal volume of 
NALC, neutralized, and centrifuged. The supernatants were removed and discarded. The pellet was then reneutralized, 
centrifuged and treated with proteinase K in KPDG buffer at 55°C for 30 min. After inactivating the proteinase K at 
100°C for 5 min., the sample was used in the SDA reaction. This treatment duplicated typical sputum sample process- 
ing. Treated samples exhibited significantly increased levels of amplification inhibition as compared to untreated sam- 
ples, as shown below. The positive control was 10,724 RLU and background chemiluminescence was about 10-14 
RLU 





AMOUNT OF MUCIN ADDED 




25 uL 


15 \xL 


5|iL 


BSM Type l-S 


10.7 


5.8 


9.0 


BSM Type II 


18.8 


19.1 


261.2 



This experiment confirmed that sample processing methods may increase inhibition of amplification in a biological 
sample Tne inhibitory glycoproteins survive the NALC treatment in a form which is more inhibitory than without such 
treatment NALC and/or protease K treatment may therefore contribute to partial degradation of the carbohydrates of 
the glycoproteins during sample processing, thus increasing their inhibitory effect. 

Aoditionat experiments were conducted to evaluate the mechanism by which glycoproteins inhibit nucleic acid 
amplification reactions. A filter binding assay was used to study the binding of target DNA to mucins with different car- 
bohydrate structures. Briefly, kinased DNA in buffer containing various levels of mucins was filtered through nitrocellu- 
lose if the mucin did not bind to the DNA, the DNA was not retained on the filter. Binding of the mucin to the DNA 
caused rt to be retained on the filter in an amount which was indicative of the affinity of the mucin for the DNA. Quanti- 
tative results were obtained by detecting the amount of radioactivity retained on the filter To perform the experiments, 
target DNA was kinased and mixed in solution with one of the following glycoproteins: human blood glycoproteins (non- 
■rihiutoi y). A" PSM (inhibitory only at high concentrations), BSM Type l-S (highly inhibitory), A + PSM (noninhibitory) and 
BSM (rxxunhibitory). A clinical sputum sample which significantly inhibited amplification was also tested. BSM Type l-S 
bound about 37.45% of the DNA, whereas the human blood glycoproteins did not detectably bind to the target. A* PSM 
(a weak inhibitor of amplification), A + PSM and BSM bound DNA at low levels. The inhibitory sputum sample bound 
about 12% of the DNA target. These experiments suggested that degradation of the carbohydrate may increase the 
atf mrty of the glycoprotein for nucleic acids and that binding to the target may interfere with the enzymatic processes of 
amplification. 

Polymerase activity in the presence of glycoproteins was also evaluated by determining the efficiency of incorpo- 
ration of deoxy nucleoside triphosphates. One unit of polymerase is defined as the amount which will incorporate 10 
nmoles of deoxynucleoside triphosphate (dNTP) in 30 min. The activity of exo" Klenow polymerase was tested in a 
polymerase extension assay using a sputum sample which was completely inhibitory to amplification (Sample 7688) 
and two sputum samples which were not inhibitory to amplification (Samples 7689 and 12122). Radioactively labeled 
dNTPs (4 X 10" 6 nmoles/cpm) were added to the sample with activated calf thymus DNA (i.e., treated with DNase) to 
serve as a template for the polymerase. A predetermined number of units of polymerase was added to the amplification 
reaction for each sputum sample and an uninhibited positive control reaction (isolated DNA amplified in buffer). The 
apparent activity of the polymerase activity during amplification in each sample and the positive control was determined 
based on the amount of radioactivity incorporated as a function of time. The experimental value in cpm of the positive 
control was compared to the experimental value in cpm of the clinical samples to determine if exo" Klenow activity was 
effected by the sputum samples. The results are shown below: 
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SAMPLE 


ppy 
vr fvi 


% OF CONTROL 
ACTIVITY 


10 nL Sample 7688 


1,654 


49.3% 


50 jiL Sample 7688 


469 


85.6% 


10 jiL Sample 7689 


3,619 


uninhibited 


50 juL Sample 7689 


4,207 


uninhibited 


10 nL Sample 12122 


4,372 


uninhibited 


50 jiL Sample 12122 


4,210 


uninhibited 


Positive Control 


3,267 





^SXSZSXSlE^^ ° f ■» P^-se in a concentration dependent 

*> centration of the inhibitor ^ISS^^^^^^^^^ T"" * ** C ° n - 
equivalent to the uninhibited positive control ) in noninhibitory^^ was normal 

gested that the mechanism of inhibition is related to int^^L^l r^T. ts of these experiments sug- 

during amplification. This may S be ™c 'cSSSE ° NA s y ntnesi2in 9 activity of the polymerase 

tory mechanisms have not t2en^Ti ouT P " d69raded how ever. as additional inhibi- 

ts Before the source of amplification inhibition in clinical samDles ^ rioterm,^ 

removing amplification inhibitors were applied to SamSe 7^? t£TJ fiSSS "ed several conventional methods for 
lipase #7 and protease K, treatment JX^SSt^^Zl^ S^m^T^ With 
treatment and washino the NALC neiiPt Protease K, washing the NALC pellet with ethanol. protease K 

washing after prSSe^^^ ^Aand EDTA. and EGTA/EDTA 

tional for reducing or eliminating amplification inXion ScS^lT^!^ (6 ' 9 - Pr ° ,ea , Se «>• whi <* are conven- 
oproteins are present in the sample However, new methoS ^ Z te e ^ ^ ^ ' mhim ° n H 9lyc " 
inhibitory effect of glycoproteins in general, and mucTnt Ir i^aSar ° ^ ° f e,iminate 1,16 

-n^a^ 

apparent* bind to anionic surfaces, allowing S phS seZS t^^ ™?"' ^ M *° ry 
tion. Cation exchange resins (e.g.. carboxymethyl SoSr, Je sample pnor to nucleic acid amplifica- 
other negatively charged surfaces are useSor ^^^I^IT^T ^' ,Ces) ° r ^ 
exchange resins and other negatively charged surfaces ?Lm bind ' n9 Catl0niC "^les to cation 

sample are known in the art These include Irtum^Ll^t T se Parat.ng them from the remainder of the 

the solid phase and sedime^g ^ (•* - --g the sam P .e with 

tion or similar means). These methods are ^e3?J2i!S?^? centr,fu9a,,on ' se «lin 9 . magnetic separa- 

tes prior to amplification, allowing the ^^o^hS^^TT' 0 " * inhib '' ,0ry *«"• sam- 

process to be used in the nucleic a<S !m£^£!£ ^ ootann 0r the «*■"•«"« - *e batch 

tiontroTrcr,?^ 

Patent No. 5.342.931 . ?hese aZrticTiSs SiSS materials may be ? re P ared as described in U.S. 

Si0 2 or an S 0 2 derivative in Z ^^^^l^^ a " al !< a,ine so,ution to a silica ceous material (e.g.. 
not limited to any pm^!^£!TF£Z^ Z?T* T membranes > and ne ating. The method is 
NaOH. KOH. sodLm hydride or a^y sim lar ^ a,kaIine s ° lu «°" ™y comprise 

of alkali to silicaceous material is about 0.1 1 tolC Tl nSem£???S? n ,na ? ueous solution - T "e molar ratio 
increases as the proportion of alkali increases. Scl^EES i«S *ST ° f f^ 0 " 5 ma * 8rW » 
lution of the particles or production of silicaceous JrELZZZL Z al ~" s,0 2above 10:1 may result in complete disso- 
inhibitory glycoproteins^ 

perature and the length of time of the reacZ T^esf r^n nf f ' 6 concentratlon ° f alkali, the reaction tem- 
silicaceous materia* with the particle SSS Parameters may be routinely adjusted to obtain anionic 

add Z^S^TS£ SET ^^Z^T^ Y ^ 3 P6ri0d * « to 

hydroxide ion in the alkaline solution andthe Z^lTJte r^^ ^ ° n the concer « r ation of 

,wer temperatures reguire longer reaction .imes^^ ^ZXZ 
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peratures reduce the reaction time. In general, refluxing the alkaline suspension for 48 hours is sufficient over a wide 
range of hydroxide ion concentrations. The final product is recovered by filtering, washing and drying. Water, acetone, 
nucleic acid reaction buffers and the like are suitable washing reagents. The anionic silicaceous material may then be 
used for binding and separation of inhibitory glycoproteins. Preferably, binding of the inhibitors is conducted at approx- 

5 imately neutral or alkaline pH to avoid protonation of the anionic surface which would favor binding of DNA. As NALC 
processing of sputum samples results in a highly alkaline environment (about pH 14) it may be possible to add the sili- 
caceous starting material to the sputum sample such that the silicaceous material reacts with the alkali present in the 
sputum sample and the desired anionic silicaceous material is produced, binding glycoprotein inhibitors of nucleic acid 
amplification. Most preferably, for biological samples, binding is conducted at about pH 6.5 - 8.5. The chemical struc- 

w tures of the starting material and final product are illustrated below for a representative silicaceous material: 

Sun* \/V° N Si'° N Si / ° Na ° H , 
Ma.cri.1 / bl v^/\ /^s/^'v heat 

s n r> o N 



15 



20 



0 q 0>la* OH 

' V N o' V \ 



Anionic diatoms prepared as described above were mixed with the NALC/proteinase K treated solutions of BSM 
25 Type l-S and BSM Type II previously prepared and with a clinical sputum sample which was completely inhibitory to 
amplification (Sample 3699) in a pH 7.6 buffer. After incubation with the anionic diatoms, the samples were centrifuged 
and the supernatants were added to amplification reactions reactions as before. The treated BSM Type l-S and BSM 
Type II supernatants were amplified by SDA as described above. The inhibitory clinical sample supernatant was ampli- 
fied by PCR using conventional methods. Amplification was detected in the chemiluminescent assay with the following 
30 results: 





RLU 




20 ul super. 


10 ul super. 


5 uJ super. 


Sample 3699 (PCR) 








w/o anionic diatoms 


172 


31,981 




w/ anionic diatoms 


10.205 


67,160 




BSM Type l-S (SDA) 








w/o anionic diatoms 


6.5 


NA 


11.2 


w/ anionic diatoms 


1,099 


9.589 


8,254 


i BSM Type II (SDA) 








w/o anionic diatoms 


32.4 


NA 


2.277 


w/ anionic diatoms 


15.2 


655 


3,228 



The positive control (a clean buffer system without added inhibitors) gave an RLU of 9,663. The treatment with ani- 
onic diatoms therefore successfully removed inhibitors, allowing significant increases in the level of amplification. Ampli- 
fication inhibition was completely eliminated in the clinical sample after treatment with anionic diatoms and post- 
treatment amplification exceeded the positive control. In the BSM Type l-S sample amplification was restored to the 
55 level of the positive control at the two lowest concentrations of inhibitor. At the highest concentration (20 u.L) amplifica- 
tion was significantly improved by treatment with anionic diatoms (about 170 fold), but was still less than the positive 
control. For BSM Type II (previously identified as the most inhibitory mucin tested), amplification was not restored by 
anionic diatom treatment at any of the concentrations tested. These results indicate that the binding capacity of the ani- 
onic diatoms may have been exceeded in the high concentration BSM Type l-S sample and in all of the BSM Type II 
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samples. 



o 



wh,ch avorf dissolution of the oea* to „ i^JSS? ^ T^" 08 30,0,1,0 materia ' S ' USin9 reaction condi «°"s 
ceous beads may Sen be S3?. fcSEEiJE t^SK? ** ^ ** C8 " diSrUPti0a 7,16 anionic si,ica " 
^ cens while at the same time binding J *"* 

by somcatmg or vortexing the sample containing the beads £i»ZTJS2L £ ! . typ,Cally d,sru P ted 

d.srupt.on of the cells the anionic beads ITtL^KS b,S m6thods are known in the art - Following 

sed.mentat.on. N Se,c aSdTwhfcS 1^J^r5SS2SJ22Sl^*^2^ T 1,16 SamP ' 6 ' by ,i,tration ° r 

rema.n ,n me liquid phase for an^Son " ^ d ° n0t M *° the ani0niC Surfaces of the b * ad * and 

Alternatively, glycoprotein inhibitors may be removed or eliminate fr„ m «.« «. ■ ' u , 
to completely remove carbohydrate from the inhibit x 6 Samp ' 6 by treat,ng with alycosidases 

the exact caiohydrate strucS noZln a mSurf „S 7' T ° 6nSU ? r6m ° Val ° f a " 9 ' yCosidic residues 
and neuram.nidase). Cat^rl^^^^^T^ " Sff" 1- ( **' n -9 lycosid *s* o-glycosidase 
taneous treatment of the glySproteTn w£h Sl^SlSf ^ * either Sequen,ial or simu| - 
treatment removes all carbohydrate from £ mS « Ufa i c f ase hexosamm.dase and neuraminidase. This 
of 100 glycoprotein moleculefCTca ?y tne JSSISS^^.^ ^ t0 the pr0t6in in *«* 1 

•on t'^^^^^ ,™ andmaS useful in the inven- 

« -ay be subjected to SrS, de?rL«tonCS ?55S^E^ V*" anhydr ° US COnditions or 

metncos may be employed durino NALC - ^ by hydro| y sis with 3 «eak acid). These 

processing, their nucTete £d sKe p S from deSZ^^ l yC0bact6ria r6main intact durin 9 NAL ^ 
■cafs. wn.cn ^ also inhibit amp.Son^h^^ treatment. Residua, chem- 

andanphfying the target nucleic acid. wasned out of the NALC pellet prior to lysing the Mycobacteria 



Claims 



1. A memod for amplifying nucleic acids in a sample containing nucleic acid amplification inhibitors comprising: 

S^SSSSSi Zsl; ani ° niC S ° ,id Ph3Se ^ th3t thS nUC ' eiC aCid a «°" '■**» are 
^separating the anionic solid phase and the nuc.eic acid amplification inhibitors bound thereto from the earn- 
c) amplifying the nucleic acids contained in the sample. 

2. The method of Claim 1 wherein the anionic solid phase is a cation exchange resin. 

3. The method of Claim 1 wherein the anionic solid phase is an anionic silicaceous material. 

5. The method of Claim 1 wherein the anionic so.id phase is separated from the samp.e by fixation or sedimentation. 

6. The method of Claim 1 wherein the anionic solid phase is a filter. 

7 - X uaeic aods a,e — * - « ■» — « «3rup. M 
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9. A method for amplifying nucleic acids in a sample containing glycoprotein inhibitors of nucleic acid amplification 
comprising: 

a) treating the sample with one or more glycosidases such that carbohydrate is substantially completely 
removed from the glycoprotein, and; 

b) amplifying the nucleic acids in the treated sample. 

10. The method of Claim 9 wherein the one or more glycosidases are selected from the group consisting of o-glyca- 
nase, hexosaminidase 1,2 a-fucosidase and neuraminidase. 
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